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Description 

BACKGROUND CF THE INVENTION 

Tne invention relates to ri poocoss for etching ?om 
iconeeetor wafers <n which the wa'ors are oxposeO tn~: 
an eU hant in the- fomn cl a -"otto and toar apparatus 'or 
car-ymp cut this process 

Serniccr .ductcr wafers such as s liecn wafers, arc- 
obtained from a single crystal ingot such as one grown 
of silicon, by a process which mc;udes the itejs of slic- 
ing the ingot in a direction normal to the axis of the ingot 
to pmouce a thin water lappirg the wafer to pinnan/e 
its front and hark sn daces evmng the wafer to remove 
any w ork-damage createc by the sawing and rapping 
anO to remove any cmoedaed lapping grit and polishing 
the et :hec su,fa-:e 

Ir a typical etching proooss. a p urahty of se-m.con- 
ducto wafcis are fixtured in an etch rao*. or ban el and 
the entire rack s immersed in an etcharit The etcn rack 
is typically oemposeo o f a Or j-n like ca :in;j having one 
or no cm para Mo I her /ontnl 'oil or" on on having a plural 
ity of endl^v; creurTif^rer* a' rorv e ' cat in the surface 
themof at reqular intervals "he Grooves are nhgneo 
such 'hat a wa*er placed in one ct tne grooves ot each 
of the relics w i| stend nemvil to the axes of the -oilers 
and paraMe! to c'.nor wafers he'd by the etch tack Ihe 
ru Ion are icta'able about thee axes and a r e onven bv 
acinv-,- rnoili.ii un -^j that e :Oi of ttie wafom caused 
to in' ite nho it an axis whicu is p ira. e to the axis of the; 
in o. See eg US F atem Nor; "i So4 "+57 and 
5 ; 11 7-4 

Eirhnrts r r oatme use ivpically ~ .: :t.un a strong ox - 
idi/ng agent sich as nitre acid dichromate cr por- 
fi'ia' g inate a di e-soU' eg age rt s j on as hydro. ..one ac- 
id which d -so; oo the o\ c ition poxjuct ano a diluent 
such at; acetic acid ^ho 'el itive p'opeitio" ct iheoj ic- 
ids wiica ;j'cc, eos toe ,.niocthost and mcs' ur funn 
ekd ii .} anwever. in nne at whkdi th. ■ f-Mncvr: mton:.' I 
re , : ' y h en Tcooinimi/c oermo.Oorm *y the -as . ;.]o 
wafer 'nt;,fon speed must he mlotively h oh » g -O to 
3C mm to mev-m t iper f oo ro.nog otoned into to-: 1 w i- 
tci Li. - cause the wa'ors a'C clcsc v sp used i- tc / mm 
apa't) however, any rotation o* tne Wafers '-"ids to pro- 
duce 1 auid-cody rut at ion C tne liquio between the w i 
fern a id a- a moult U .. ooJ between the w at em moh 
ativcK otaqn mf Tms ugid body effect is pioneem. ed f 
speed as >cvj ,i ■ S rpT- are n pro:)! am, :1 in; c it tvpicm 
ro* itnn s.pred,- c* tYmc go oini Th "> e"^~t ".-tijpleo wi'l 
the a ge t: eut shape of the -t:n r : -< .v bnoels whieh 
have -ioen oo:j to d ite hi is led to> noncr 'orn^ etoninc; 
acros.. mdividu.-.l v.a.'eis and to 'onrr torrr •-: nin- . 
a ' c n j tne lef^gtn :t c :• bacel so th it waters it .ditto i on: 
p-LO-itiL r - tone t > exf.ei - e Mc erit ' mu. \,a s 

lr c ' e'b. t ta itr-p ■ eve U " ju it,. amity af the -Couiu a 
;h f ■ O VV ,f oga;: irU 'f: ' CUi ! jl K .0 ) ■ .iU-'O: 
tc f . /, o a vV aar ». e a : . r •; | f V 'b • ch f t,,ok Oem! 
: ■ - ■ -d No . -i mo o ' ,n..j o -b" 



1 ho tesults. tiowevei fiavo net been entirely satisfacto- 
ry for several reasons First it has proven difficult to pro- 
duce a uniform How of gas baubles a tress the entire 
etch rack or barrel as well as across the entire surtace 

= of lach wafer Second the spargers do not teno to pro 
ri ne an approximately equa^ OiStcoution ot small inter- 
mediate and la- ge bubb'es wh.cn are- neoessary to pro- 
du:^ 1 rt Wrjfe-r which nas re atively ett^e micrcrouqhness 
ic>ca: thickness variation and total thickness variation 

?c small buLole^ (<5 n ! cronieter ;n diameter) reduce tfie 
ovciorougtinoDS el the wafer inter mediate-sized buh- 
blei (5 rnicrornolcf to about 2 r nm in diansetert preseivo 
low local thiel<neoo variation of the water and large but: 
hies (v 2 rmm in diameter) presence low total thekr.ess 

it variation across the ciameter cf the wate- Third be- 
cause of the high rotation rates typically used the rioic- 
body effect has not been entirely eliminated through the 
^se of sparge rs 

Fioth etching of a workpiece by bubbling au thougn 

~ c a container of liquid ctoning agent to form a froth or foam 
of reagem on tne surface ot the iqu*d attaching the 
workpiono to i buoyant memoer and t oating thf; buoy- 
ant mennher on tho foan with the workpiece in ccntart 
with tne feam is proposed -.r, U S Paten; 3 463 049 

■jUMiVAH v O- TrtE INVSNI Q\ 

Among tl e cbjcctc a* tfie ifVention tl eief-j'e may 
be noted V- i provision of a pi ooess for eS:fi ug sen'iccn- 
- ; c d jolor /;aO-m H o :>r a k a cf nucdi . 5 process ir- ^.hicti 
die noio ^ov r tf o of is minimi/co tnn p ovmon cf seen 
a pr t vTsr- in v\om wafers ear be unitr rmly clcfiod a r 
r el ittvely sl-nv/ rotation speeds, the procccon of a oroc- 
oss -n wtiich ttie et -nca wafers have a rct-Oiveiy kov; sur- 
tace niiorcrouchr oss value. H. (tne arthmetic mean 
: ouehnes : >) . the provision of ri process ai which the 
»_c_ueo WaOes h,oe a ic.atively low total tn.cknese var- 

at .01 (trie c hcojrce betvA;cu the rnaxir::u:n amj moi; 
m jrn ttac kno-:' c- o! 'no wo fen tno proci-, on of a p'ooocs 

r wm.di *h ? t^^v-d w c°m nave \ i-datively low ocal 
'h e v i' at ion phe d fierce h etweeri the max.- 

mani r i miri'mcm thickness in a ^l on c' a wafer e 
a ■) 2l m n by mm sect 1 on), and the p "evasion ct an 
apparatus t:r oarrv r^g cut s jo a p'ocess 

da of I y therefore the present invention s di ected 
'.:) a p'eoais for t«tcl g a louhc oncue^c vV.-ifoi ~l a 
f 'occlc cecnprkao- t'to s'tcos of lotatimu ;tic Wa'oi and 
cant ictinc 'ht; rat^'mg a, Cor a tl a flo.v ng " )th "be 
'cot^- ■-: Yrrr ed at tr-.-v in pait hy th e'ferv^s once c* 
a 0'^ ssuu.'-^d etch.mt conta-r^r 3 a cJissotv^o c -i? whop 
d 00, not react with the semi concur tor wafe r or with the 
campemonts ot f ie elchant 

d" f.re. - \ invention s aoo Oir • : • i '.o , m iop- = - 
■ ifmUa' tiaa*iu<..j semu or Juctoi Aa'ets 1 tie apn ai ,C j--; 

1 : cd:)c a ci,:k 'or I olJriu lead S\c> Uanerally j 

f men cenc ■ iodnch c w ifer 1 wh cein If r aok tJel r- - ; 
ii i eh, iinr-^r t a emg cp. ^1 eppo:0^ or 0 " _ he mpa 
" id a ■: f ' "1. di y d : ,rje ~ . 1 eircu it -,rv svdem '■ >r nice 
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my .-i semiccnductor water processing fluid in ;:io torm 
of a fie winy frotn ccmpr ismy bubbles formed uy offer - 
vesconce o: a pressuri/ed etchant containing a dis- 
solved gas which doos not react wrth the semiconductor 
wafer or w m the components of the etchant through the 
fluid cnamber from tne imet end to the outlet eno and 
between said semiconducto r wafers 

Cher objects and features o* this invent on will be 
in part acpaiord ana in part psmitea out hereinafter 

BR-EF DESCRIPTION QF T^E DRAWINGS 

F g tic a front eievation of fi wafer etching appa- 
ratus having an etch tank and an etch rack accord- 
ing v tne present invent on with parts broKen away 
F g. 2 is a top view of the e!ch tank of Fig 1 with the 
e*:n rack removed therefrom 

F g d is a side elevation view of the etch rack of Fig 
1 

F j 4 is a schem itic view of rciieis of tfic etch rack 
of Fig I engaging a typical snmiccndust or water 
F g F if, i partia: top view of one of tne rollers of the 
r-* " r racK of Fig 1 

F g 6 i :. -i ; ection view taken a : oog the p ane of line 
b-6 cf Fig t and 

P,g. / is i scnenrirttic ci an appa'ates for generating 
a press an/tea acid containing a dissolved gas tor 
co vmy tc Vie etc! .[ g appamtes of Fig 1 

Cor as, per i ding re t or erca characters u sJi: ale norm 
spending ;:• . ' . throughout the '■evoral views rf the 
draw v 'y> 

DETA- LlZD CESGRFTION OF THE : R b. : [ ••-"( U 
b Mlioml MEN I 

In .-.lu'Iii t'j with the piosont invent l o'coec 
wafer., naving i mean suhace rrr so ore j ghr e e c ol less 
lhar 1 0. '•, • . ,': m a., p' ofor, i:>ly less lhar, about 0 07 
micrometers a me, .n to*,*! th e*ress VaU ition of 

less th m out 1 4 micrometers and a lora : thickness 
vanat on of less than abes* 0 6 micrometers .ae provid- 
er by .-. process in which tl e stock removal from the sil- 
icon wafe s is 'ess tnan aeout lie micrometers, prefera- 
bly loss ! lar, about 20 micrometers Surface micrc- 
uuuoeioss iR ^ ooterm r itioris u a, oe n :d • in accci J- 
mcc with ASiVE otaodaid 3 4c 1 and total thickness 
var a' :n and local tmcknoss v mat on d-. 'term n ill oris 
nmy rc~ m ice n accord inoe with AS'M • • m mi I ipr^ 
hminarm 1'01^-Rro s ; . or on a r e?tm sold bv ADC Zc - r. 
per ation r Newtcr rVass i nncc too trade designation Ul- 

tfaaag-- -o.)J 

Accor j ng to tins orceess the somiecnd jctor w-t- 
ter - a a ce i * acted with a * ow i g etchant v\m: n is tne 
term el i froth Toe v oth i . hmoed from a li- o oi/oo -~ ; 
etcb.eit wmch (x;n - .: n - sorrifo ■-s.ed t; c-ohM: am] i drs 
oolvc- ,] r: [\prr :; ■■ -m a^ nm-s is ^ d'-op ibc mi 
■■>nhul~r em ' - * mr if-'- err \\ j'p ; rd 



sized bubble s and tne etchamt effervesces to form small 
bubbles mo . the dissolved gas is instantly forced out of 
solution, forming small bubbles in the same fashion as 
dissolved carbon dioxide gas bubbles forms when the 
cork is removed from a oottle of champagne i 

The ga? dissolveo in the etchant may be virtually 
an/ gas wnicn wih not react with tne semiconductor Wri- 
ter cr the components of the Mcham ; hese non-roact- 
ir.g gases include elemental gases such as hydrogen 
r;. r .:egen oxygen a.nd ncb'O gases bucti a^ fiohurn and 
arg-.;e. and eon pouraj ease- such as carbon dioxiau 
An inert ga^ such as hoi um i-. moot preferred because 
it has the lowost sol.Jhility and thus v^culd yield the 
smallest hubbies: helium now ever is relatively cost prc- 
f b :,',■} Hydrogen and oxygen also have relatively low 
so os_.i| ties but are relatively expensive in ultrapure form 
and- or may. in addition present a safety na/ard Thus 
Carbon dioxide and nitrogen are preferred ever the other 
gases and rot? oyer, .s preferred over carbon dioxide be- 
cause of the two it has the lower solub hty 

T he efetiant rs .drs, an nxd -/ir-.g agent such as 
nemacid dichromafe or permanganate and a d evolv- 
ing a *jent such as hyomfluenc en: d wh,ch osesoivev the 
ox ci-ition product ana a ciluent seen as acetic acxf 
pnosphonc acid, glycerine or water le stab i^e the s^e 
ot tne small bubbles, the etchant pre f erab : y a so in- 
c udes a surface-active agen: wtocb is chemically stable 
' 'c\ a^.;d Lath Exemplaiy -U'fat.:e -active agora's ir 1 - 
oucs ehoc^ftonc acta .ar-J fluoru aled sui> ace-ac: Vl' 
agenis fosdi as an amrru r~ sm pcrflaomaUy . \ fonate 
so.r: anriei ;nn trade dosigm enn FC f el con . -srem per 
jOi/ ,-skvl sulfonates solo crner the tranp designahons 
r e- L ^ and f and fluo r nated alkvl guatemary 

ammiismn iodide sod jr.dcr *he trade decern ition TC - 
1 do I v >V1 Corporation c : t • s : j \M Fhosphcnc : I 
s the retcred sedaee- ots'O agent s >rs; e C can advan- 
tage ia v aoditiuuaily serve the dil cent rVore prefer- 
aOly the etchant contains between obc.1 40 and about 
ol '. citric ae d (supplmci as f-j r - wt •'. HNC.1 ir- a e x 
between , > it a and ancu t 11 s hveirofiucr e , ; d ^,nup 
p c-d f -> 4s \,\' - H r r waTe-' md retwoer aho jt ?0 
a.nd aooul a:.'! 1 '., phosphoric -icid is jophec as F? vA °- 
r I .F Jj in water i Most pre'eratdy the etchant compr .ses 
o- \cl .> n tne ac.o G vc-l l, o hyarotluonc acid and ou 
vo' " ohesphoric at d (teased on the abev e-idont tied 
C'S.nce ::C .jtionss Hie ra'io of pt cmeioi e o: J tu i tne 
aod therefore may be w tnm the r ance of ibo.Jt " 1 to 
anout 1 . ; otc ib y wen, in. t; • : mes of jta » jt 0 ^ 1 

m iori.t r 7 : rind most [ re'erar y is ihout Fi 6/ t 'h- 
P ol i nina •'Mtieiencv can b- f-..dher mpicve 1 f more con- 
centn-ted ac ds are used and the water ccr^ent s re- 
duced 

' I- ■:■ ■d.di,sit is at a tamper iture ot abci.t 2'j>' (.■ to 
aCOLJt . islv d d. a : - • .-a d th e i en ik\. n - 

d odor w eer :. _ont : eted with tsa • d : e,' s.o .-. oer . I 

-■ -ot fa aelss. > a st.x^k 'f;riov: : ol 'ir; mom than 
eeiO oi ef amc'.-'-a p,r e^orab y es r~ -nnrt m aho j* 
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fet is exposed to tho flowing froth is about 2 to abO'Jt 30 
micrometers per minute, preferably about 2.5 to aboul 
15 rnicr :>rneters per nor cite, and rncst preferably aboul 
5 micrometers per minute Thus, the wafer:, are etchoo 
in the froth for a period of about 1 to about ID minute:, 
preferatvy abont 1 5 to about 5 minutes 

Tne semiconductor wafers are rotated while they 
are in c:<ntnct wth the (lowing etchar.t lo minimize the 
rigio bo Jy effect tne wafers are rotated at a sp3ed less 
than ao cut 5 rpm. p'efeiabiy at a spued less than about 

3 rpm :inc most pie f e;ably at a speed cf about 1 .5 rprn 

Rc'oning to Fig. 1, toe semiconductor wafers an: 
etched nan etching apparatus designated generally at 
tO which includes an etch tank 1? fcr containing an 
etcnant '4 A weir 1 6 divsces tne tan,K 1 2 int.;. tank com 
partmer.ts 1 5 and 20 A cram 22 is at the bottom of tank 
compartment 20 lor removing otchant from the etch tani- 
and an nlet 24 if, a* tne bottom cf tank compartment " t. 
fjf cuarg ng etc ban: to tne etch tank 

Under tank cornp. irtme.nt 18 is pienum 25 which is 
traversed by nOhanl distrbuaon manifold 22 Ftcnant 
distribution manifold s a tube having eighteen rows <: \ 
holes 3 o < 17 ro cs per row e on hcoirg a ma meter •: f 
' 5 mm) wherein the rows are spaced apr ro<arnateJy 
20 J apart from each other ao out the cir:un fcence oi 
tne G:stncuticr mamf eld I he encs 2'o -md ;.9b of otco 
into st icuticr rranitc4d2~ oo connect c J tc an e:cnar:t 
. ■ . ■-. o\..- : r g "ie top of pier en 26 is a p at i 32 bavin ^ 
i jen'.ral opeming uc;t showo; tf e om to pet' nit the up- 
w irej flow o rlooant " : c ; f r . the piemen p morab!y. too 
< ['.'' i; opening is a 250 nn by 125 mo ro 'angle de 
to oo ny o grid havr g a series ol S3 hc.r-s I t yed-o it o 
•: mj x 2b mm ^^uare gr;ri the hol^s having i ciiame*'' r 

4 1 ij nor 

Lo: 4oo a cove tf e ol 4e L-2 are !r so 5 ot pen s 
J o eoous distr rotor pOos j 'r;. 34! ■ ,o;J 34: 
which -lie supported .md separated by spacers 35a 
•x b are 35c Pre* or ib y. cacn set c/ cish-b Jlor plate.; 
include: a slack of throe supc loosed poo am 4 ko; 0 ■ wiih 
the nor-'" ran peg in ~ /c from abo jr ic 210 to 30C m 
o " renter- Tne oioeO may \n porous polvpmpyler 
■4" nets. o.;ch as tooso -o d unco- tfo trad? cos oration 
I- or ex >;4^12 ey Porex Ic-crnolocy Ooo 2 jiOoo 
ideergiau o-ivng pores cf about 25o micrcro tors, com- 
roaroole porccs PVOr oooti o- ofor . )iiip.o abl- ■ 
4 o:o Eaut plaos-4 appooucO-y 1 Q mo thick hi i : 
e.icl- set sc:p,:i it eo ;;y <a p,. ip of ,upio.< ui 4cly 6 3c 
mo I \ \f." r.s mac r of f: , 0 . ■ sot^ ' co , ' o:: ' c ov ■ r i y d :Cnc 
ut-" 1 th-~ i.owaro flow o{ -^tchar*: t: cscs" tne w dtn an: 
lencl'i cf tho p a*ec a pa r tieular psoces^ a ,s d nppa' -i- 
tu5 hc-ACver w rscoeno cp cn tho flew ra: e ^f the etc ; ■ 
ant the tvpe o! pore- is sf eet md toe cores 'y cf tos 

A '-arre or extccd-, ai.-uno the co metei of tanK 
■ or i p. tr !n -jut ' o . o j\ o tt u_. oi 4e L,etc md nac . cc itr. ■ I 
r r m ^ ■ rupjl.e opcr- r-.j tn^cohr/. j jh d Mrcrc] irdo 34 

R.4 rino r ig. : t f ; 1 s' etch r , . ^ g.--i m, ; l\ 
k ■ ;r 4-'S c 0 "i n. : ; ■ cC ^v: co a nc^ w. : I 



h 

46 and a (font w-ill 4r (only a portion of which is shown') 
The iuwer edges of itie walls are si/od and configured 
for sealing against frame 38 to soa! against leakage be- 
tween the etch rack and frame The e*ch oack walls do 
5 f'Ce j fluid chamber 40 tnrcugb whicn etchont from mior 
2if,.-.ws rtr.h rack 4.) includes four generally nor cental 
rollers b2 4 wo uppao redtor^ 52a. 52b .-nd two lower ro: - 
ers 22c 52oiioversng =id c wails 42 and 44 The rollers 
SI are amoved to engage tne circumferential edces of 
a p : e ility J vertically orienod semiconductor wafers 50 
to supped the wafers Each roller has a plcaltty of ax-- 
aily spaced cue urnferontial grooves 5" (prof crab'y twen - 
ty one grooves, for rece virg the water edges and a p In - 
rality of longituainai grooves 53 (see r-gs 5 andb) flas- 

15 tomenc bands 55 e g bands made from viton or an 
elastomer sold oy Oupoot i Wilmington. Delaware) un- 
der trie trade oesign itior K aire/ are inserted in the Icn- 
g-tudmal grooves 53 cf at least one oiler ma' is the 
roller which is located a •.•low tiro center of the wa'er and 

- c winch iu urging tfie edge cl trie water m an upwa'd di 
recti' »n as it ic rotated and i >reforatoy Iwc or rTioro rollers 
to o-rroont the Wrife r s from cloning or the ro ; !ers dur ng 
rotatn.n of tne roller': The oanos 55 are advantacjeous 
particularly near the enJ :>f the etch cycle wfien the 
cf-emical pol sh;ng pro-duo es a smcoth edge which 
tends, to si o a gainst the re la 4 c roMeo f wopair-s ot jum- 
niy' wafers 54 and 56 o g 'hin plastic or silicon discs 
\ n^'ing .ojoox inate.v 4 i safr.a oiaooter as the- sere - 
condceto: oa!-o- 50) o ; 1 .1 ,io mot tne oco. walls 

o; 42 o i 44 f rne iOo r 1 4 by rollois 52 md , oooo 
5 7 "he if n :r dimen c on ■ si the etch r, .ok are pretoraolv 
at>o..t 1 "o > 2 54 \vv \vr o wili acorvru^odam n iorc- 
con tc tfm o i-iiHiv Wat- ! • •orl-a s-(j( ':■ r -o v \ 
t w e otydrv e 1 o 0 mm w, if or" /issue r 3 the ro-ics 52 are 
pscv.oeo ao a se'Ooon; ncooor o" crcL.m'c rerOcal 
g ■ o: * C" " i 

A so !o,o:oi;j oca w ills 42 ano 44 ;co qji.ie 55 
Vvli.ct" icstnetc> tf c j:av i r o i r . ovor t icr : cd the wafer . dur 

■ r o j the oo mug prooos fondles 00 vU on mav to 
Ojospo) for moving the *4ch ra 'A ano ,m axle 02 o>t it 
fSAy oinivs '.\r "]two .oaoa rJr ve " a af's 04 r ; n d rd : Pto- 
tation of st. aft s t34 -u j - : 0 cia .-in elect r-c motor (ro: 
she-Am cr .thcr suitable mochan sm causes rotation o* 
the rc o's I 2 v-a two ceai u uns. aencoo' V designated 

00 jo : 73 4 oopes te endi oi tne •• •! o •> 

0 \ • A 1 IS f .;. 3 i.J 0 . c tr : i-r 7 J (Ori'p'kSO i dl IVO 

go ir 1 30 fi> co o sf iaf: 54 ; oil or oe io 1<j2 i 102b a/d 

1 ")5o lixoo ' > ones of iho s Hers 55 j. 52b and 52c aoJ 
'olsoono irs '. 04 and b' 1 -) -otat inly co lohoo th^ <c le r 

: -" .1-^ tr - to tne ouoc gerir Tho reduenrn noao are r tar - 
h y rocurde i on It o s>do wall 44 ,-nd impart high t roeo 
. md icw sc-oo to '•;■:■ ioI -s joais ^ ttosjol" :maf t r o 
■■' * is showr a r - fovinc "oee odlcf gearc it is to no i..r- 
vJerstv o-d tfi 0 tho g-." 1 if tsa n may hav-"- tour roller ge.os 

■ e -ollei go if 'o' c,i^ fi relief :u; adiog i )ller 52di to 

' ' A' - ' )h - a u - ■■ m , wimoc d g>or ' ug Irooi " in • ooro ■ o 
*h i . v n!> n ' ■ to Si una. too i ' oat o>o o tr.- : n 0- i 
o >t inti, : i / '',->! ii, i ■ o i >o t r tr ,n 
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Opposite ends of the lower rollers 52c arid 52d are 
connected to the side walls 42 and 44 via slide members 
106 which ride along rocosses 110 formed in the side 
wills The slide members are moveable upward and 
outward relahve tc the Itnver reduction gear 106 *o dis- 
engage the r< >l I or gears of the lower rollers from fne low- 
er recucticn gear and to sufficiently spread the rollers, 
thereby permitting rapid mse rtion and removal of the wa- 
fers tr Jmthe etch rae^40. A leaf spring 112 is cenrected 
to the lower roliurs to u je the rollers dow lwaid and in- 
warc -is viewed n Fig 3 Applraticn of an upward force 
agan ■ .4 a cent! jl portion of the loaf spun 3 112 causes 
the lower rollers to move outward Adjustment screws 
1 14 and 1 16 are mounted to side wall 44 and engagea- 
blo win the slide members 108 for adjustably limiting 
inward movement of the slide members and corre- 
sponding ro lens 

Generally, semiconductor wafers ha^e ar orient a- 
ticn fiat a* a portion of toer circumference for the pur- 
pose of urJrcat ng the crystal orientation Tfic rollers, 
th-.aofore. mac - be sjtficicni in number and positioned 
to pmveri mdial movement of the wafers when the on 
er it at ion flat (if each wafer if rotated Tc a 00s it ion ad|a 
cent c ne c the rolie r s 

Referring specificah/ *o Hg. 4. the etch rack prefer- 
at; iy c empnses no mere 'nan ana no fewer thar four roth 
er : 5, a 52b 52c anc 52c : he exact position cMhe 
tc: \e\i-. wn ch is required to l event racial movement of 
a //ah-' vjt er lie or lentatioi ', f at is r etatec to a position 
a::;ac 'it : me of the adlors will ( . a ' v Spending the d arr- 
et- r ( • the w iioi tne e-tcjth of if •• orientation flat and 
trV * in r t t • - ■ • decrees of arc :ne onenta f on flat o^cu- 
pi- s lr cetera, nowever if 1 ~. a m jst be less 'her an- 
gle y anc the sum of a ar:d y is gmater than ino e ^. 
where 1 0 is me cogreo ci arc ot tne wafer between a 
h ' / • * »l pame 120 y : >- 1 j through r ne wa f er center 
ano a p. ana 1 22 containing ;he axa. ol an upper r jller 
and tne water center \ is tnc degiee of arc of U-o wa'er 
bc'wc :n Hie \ on/onta plane 120 arid ; pi ino 124 con- 
taining the a>is ot a ca- v r .! a and t*'-e wafer center 
ano \ = the :rc- of ar .f the wa'or oc: apiro hy tne 
flat Ah.o - ^ 5 v:s tnan th -0 smaller ..f the two an- 
gk-s d ?frit>o oy any two planes or e of which contains 
the w-iter certer anc one reCer ax s and the otner of 
when 1 : j- .:-, the waier conte r ard a roi e r a,- is adj 1- 
cm it U.- it \c cr j i ollor r.a M;i eovea ar qh* y s ;c efer -i- 
biy ul- srr i as eoesiUe tc minimize ! .ne 'sha jowne" 
otfee! :ne intalmg , a\ r ro ems hav:- upon tee wafo- as 
the etehar" fr v m co,^ upwn.'d y. ( o the ower mllem 
For oxamole for a 2CG mm water caving an orientation 
fla' ierqtn of about 62 r n the angle y isaocut .'O" arid 
the a.c ^le u s aoout 1 J- 

Rotorrino to hig / at, i . a~: wh ci is neld in storage 
tan-v -0 1^ pi ■ e.a/co via c realation pur7 p r._ wtlich 
may be ; cr examcle a model nun L-.c MNH2B. ~ 32-1 25 
canmnjga 1 f , vy, sole t y - ct ' ?r Cthenie pier'nary ■ or 
a n~o:1e! fm-onra c 1 o^- ■ ' 2 : V V cx ra ift jo, : aamp p ;mp 
■■-"•Id h y - c .* t F-.ite ndu 4i inc .pf-lavar Wsco-rini 



At branch point 84 ir> tlie etchant plumbing, gas from 
storage tank 86 is introduced into the etchant using, for 
example, a 25 micrometer porous tube with the end dis- 
tal to the gas feed line being sealed To assure intimate 
5 et::hant gas mixing static mixer 86 is installed in the pip 
mq Trim valves 9Ca and 90b regelate the flow of etchan t 
m lines 92a and 92b which are connected to opposr.e 
ends 29a and 29o of etchant aistnouticn manifold 2o 
[ 5 =n e F 1 q * ) 

10 Except as ott erwise noted herein, all acid wetted 

parts are const' ucted of po yMnylchloride ("PVC") pol- 
yvinylidiracdifluouce ("PVDF") polypropylene or teflon. 

In operation, vaives 90 a and 90b are opened find 
recirculation pump 32 ts energized to cause an etchant 

'5 contained m storage tank 80 *o flow out M etchant dis- 
tribution manifold 28. throjgh cistnbutcr olates 34a 
34o 34c. through inlet 24 and upward through fluid 
chamber ^9 of the etch ra^ 40 When the etchant level 
exceeds the height ot the front wall 43. etJhant spills 

20 over into the tank compartment 15, exteriorly of etch 
rack 40 When the etchant (eve 1 exceeds the height of 
weir 16 which is preferably lowc than the height of the 
f r ont wall etchant :-,p- .3 over into compartment 20 
from which it is withdrawn via dram 22 and directed to 
a sump (rot shown) from which ft may be returned to 
s'orace tank SO or c sea do.: 

As the etchant flows nto the etch tan p. tne hardies 
6 3 ot an etcn la > loado.J with a plurality cf ser nicer' - 
d.ict(jr anc; dumn y wafers are ycasped oreferatly by 
a rot-ot ar ri (not shown)) ir led tne etch rc;k is lowered 
;r*a trcnk compartmcni 1^ ; ,nd seated in Tame 2r S - 
m altar eo: inly mr; :r ve merhar. ^m (i e "jear tra.ns 
a 'id ar>: rotated tc cause the semiconouctor waf-:^s 
to ro'ate r a dree tier seor, tnat the podior of the cir- 

; -- ccmferential edqe of each a- at or waich is most pm* - 
mate to i-de wall 4c is movi ig in a dcv;nwaid direct on 
Car examc-e tfic w ilei as viewed m Fi j 3 would be 
rotated in a clockwise dacctfon) Etchant Howing 
*f' •:.. ]'! ir^et 24 s thu.^ fonaaj to flow upward If '•: una 

; - 'he etr;h ' j 1 k inn rontcic* th.e rotating sorr ; con duct or 
ani dummv wa^rs Aftra contacting th-» wafers, the 
et thant f;cws over f ort wa 4? ard mtc 'ank conoart- 
nent 1c (Conseguent y. the entire flew of etchant is 
caused to f:ow tf -cue a the etch rack and because the 
wafers an: relati\ety c ose tc me wai s 42 and 4-i. the 
etcnart must flow ocfweei trie wafen mthei tt a, 
a-OLcd tnem Ty-ii.ally tno etchant flow rate wrl ; be be 
'wean ahm.it 5 and 25 emndard liter;-; pea for ate ,ir d is 
pm-fer ably herween about 7 r; nd 15 atanoar^ liters yr- 
minute The durrry wafers at cacn of tn ? two encs o f 
the rack pa; mote a rr.oaa u inform and con = tant flew be ■ 
tween each ^onnoncuc'or wafer o-cvide:) trie spa : r q 
between the walls 42 and 44 and 'no dummy waters 
re arcs: the wal s 1 > the s amo as the sparing between 

rr 'fie ■ mi. > uirot- •• '/a'-a and the scmtca'rjcctec Wa- 
'•■''s jnc tt : durr-rr- , wal as e^pt 10 r 0 i i r ere oumrr y wa 
na : y ara - d-^ !rv-te,aj af two p 'a sine 

I'vtcn *ne e-m r i^k is ',[*■ ( | y seated ir ffam--- 44 
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and Tjr the next soveial seconds the etchant is e^on- 
tially a flowocg liquid that is the e'c hant does not contain 
a substantial quantity of bubbles. Thereafter, however, 
gas from storage tank £6 is mheduced into the ctcnant 
at branch point 84 For an etcher' flow rate between 5 
and 2 C . standard liters per minute the gas flow rate wnl 
be between about 5 and aoouf 70 stantia'd liters oer 
minute, preferably between about 30 and about 30 
standard I tors per minute ard most preferably about 
40 stand -if d liter s per minute 1 ne injected gas unserves 
in the etch ant until thy saturate n limit is reached Ex- 
cess gas does not dissolve, but carried along w th the 
aeid an compressed oubh!e s The pressure of the pres- 
surized mixture upstream of valves 90a and 90b is pref- 
erably greater than about 2 bar 200 kPa) absolute 
PabsO. more preferably at least 35 psig '241 32 kPa 
gauge i. even more preferably at least about 3 3 ban 330 
kPai abs. and mcst preferably at least about 7 bar 
(473- kPa) abs As a prasoca 1 m i'tei trie only eorstiamt 
upori the etchant pressure is the rating of any pumps, 
storage vesse ; s and piping usee in trie pfoeess As the 
press uri/on etennnt parses through valves 50 \ ond 
r '0h therefore, it experiences a . jd^n prf ss n" - p 
whiso results in the fomvmon of a hoth containing sma-'l 
intermediate and Poge bubbles, me large and interme- 
diate tjcbles being -orrred by me expansion of too 
comomssea bubb-es and the small bsooles oemq 
fsimed Ly olerveiCenco Tne pressure drop th at toast 
about C 7 oar (7C ^a i. pioferadv at uast aboul 2 Oar 
(."0.") kP;j for example at load about 30 f:s.i (206 ~4 
UPo and most melemblv at P , •• about 3 3 ha- i330 
I- P a ! 

In.- fro: , is d sch arced ny epdmrt c st ormutior- rran- 
I'cld or r-.r.d moves upwardly a.ed is c verily cistr butoc 
alcr j tne ongth and Vie width o! the etch mck by dis 
t' c.zcr elates 3 da 34o. ri r,j 3-k In additioe-. the pore 
Lize ^distributor plat - 34a 34b and 34c o\d f o f P;s- 
tively limits the si/e of the large butcim,) is _ elected to 
\ roducc a fioth which tins an iprz roximntelv even di.z.c 
hut co of srr-a ! "itorr-edinte and lar^e nuhmles 

lr mnveeSonal p< ;e . i , - 1 r . q ottrie ao-o hy- 
dros nrie a:d and aeet c a: id a? tne o; smart the ool- 
ishmg act on of the etch csm r-soDs anc tne etc he eg ac- 
tion becomes erra; c as the amour t of acet c as : d is in- 
creased Thjs the ratio of acet ; a: d tonitr'c a-: d c m- 
nct LmctLa'v become grua'ei than ibc.0 1 2 -ind tne 
etch r ite carrot be r jduccc; *.j ' ih. e ... dein about 50 
rnierometer;, :)0f --nnute Ailho jI Citr reid r g tne nohsn 
ing a o en -f ttie e* -:n in? When z ^osphon - aeidisuseo 
as the diluent r ol ice cf a.:etiz acid t owever the etch 
rate s mdtce'1 to abcut 3 to 20 rr c romete-s cer ro nnte 
witneut a negative moact soon me po sh no action cf 
tlie etch.-.rt flat is Zie etcn tnt a II p-ovidc i srroott", 
pciish- d surface v. Zi minimum stoi k remcvril t[ch 
r of 'o , masr : jde ,ce m j.;s -ai e' tc ..ectre -ine 
the- t P - ■ w :h ; 's San oe ret, zed ii a - jle wnieh minimize 
;t.c agid t-e. iy ro'afi m m* i O 

Toe .com ; t r e aiem d in "ie '-cm- m f j : <..Mie : O 



about 1 to 10 minutes depending upon the aggressive- 
ness of - tie etchant. e.g., upon trie hydrofluoric acid core 
ecntratiori During this period, the stock removal from 
th : wafer will be between about 2C to about 25 mio^om 

s eters Tne injection cf gas a' nranen point 94 is then d's 
continued but the *iow ">f liqu'd etchant con'mues until 
ssbstantia:iy no bubbles remain in the etch rack The 
handles 00 ct the etch rack are then grasped (preferably 
by a roost arm (not shown); and the eten rack is ic- 

10 m jved from tne etch tank and immoo^ed in a water ( r-e 
ta ik (not shewn i to remove any etchant which may re- 
main or": ttie surface of the wafers Preferably the rcbot 
arm engages The drive shaft of the etch rack which was 
not engaged during me troth etching to rotate the wafers 
as tney am bemg transported from the etch lank to the 
nnse tar*. 

I tie following examoles wi i .llustrate the inventicr, 
EXAMPLE j: 

t r g tf-o apf^aratu - defseted in -age 1 7 arid tl' • 
pmcro s oesenbed abr-ve six thousand POO mm sncon 
Vvc'err: wc^> etcneo wzi a nominal removal of 25 m - 
c r eme*em in a froth fcrmea from an etchant comprising 
5= vol s, nitric acid i supplied as 09 wl l 'o in water; u vol 
,3 o hydsofluone acid (si. polled as wt '3 in watcg ard 
35 vol "o pnosptior c a-: id (suopiied as '65 wt '3» in wa- 
te r ; Smoctft wafms w tn gioss re f -.3 in.;.. Vrduc ct 240 

♦ -30 as de3.rrr'ir-d oy too meZiod- of ASTM D-523-35 
PIN 07330 c: SC < were : /!; ,] , I a. ri s Jf 
'a' e r> ;gnrr wa' determined tc he 0 (33 to 0 33 rr<- 
" -m. i ■■■■ \F- ti in r. vr-rdar.re with A.OMf standard P, 
^5 " ~'he moan total zo v kness v ana tier, cf the waf^' 
w.-s dvteimmed to oe i 3/ rnciomete-s (e J 33) ,,rd 
*hc m-;an local tl" c-moss Vauatiori w is Ceterrr r"od t ■ o 
bo 3 53 rr iccemetco :o 3 1 i in accoroance wzn As [ M 
•3a- -d lJ (pmlrnnaiy j 201 9" -Rev 3 on a t-Oar sole oy 
APE Oogss'ution iNeAZri. M,i,o urdor tt ; ; trade oe;, 
:gr Zi;>n 4tr i 3 iqe : cS00 

r^amp P 3 

Poty-four 300 mm wateos were etch ed wzn a ncm - 
a. L'rrova of 20 mi.:rcmoters if: a from fcrmea horn a-"i 

• : ' • • compr sing 37 vc "o HN3', jsuppaed is o3- w* 

■V, PMh r Watof 35 v3°o H .-3 c mt.g-3 cj c rm a*. 
'3. H . D 3 4 in water ) and 3 vol '3. ^ z i su p o I. od as 4 Ci ,\l 
3, HF in Write' I A rand' >m sample ol fifm-on watfo ; aa.. 
St-O'n '-^ttr t"e 'o* and num free for gloss mtnl th <~« 

^- r^e s vanatcr lo^a! thickne-ss Sanation and -m ■ ♦ : • 

• -u i • The fifteen wafers were *ounc to have a 
mean c: reflectance Va c^ ot k /0 ;ct 1c j as oeter 
m ood A3 I M L'-s.33reana i ]M • •: »l tt 

Vao itieimz 1 23 micromete'S ,o n i 0 and mean 'o. al 
'h v iosc var . Z".)o cl 55 rr iiomct^'s <r- (':3 3i;e : 
d dart-.r , j , n iece-d ince ve3 A^TM m.o d ifc^ . ; ■ r . - 1 1 r r 
SCO 2>" 1 :) ' 3 r r , ; ■ a m e.dc: to, AP. " Peg- or f : 1 c, 

\e;Z e: td : \ ■. !/v do"- "a v- 1 ^ t' '0 I 'ezd-- v 
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9500 high- of the fifteen waters were moasui od tot se- 
face roughf.yii dfid were lound to have a rno^n surface 
roughness of 0.073 micrometers (R a ) fa 0 008. in ac 
cordanco with ASMfF standard B 46 1 

lr view of the above it will bo seer that the seveml 5 
objects of the invention are achieved 

As various changes could be made ;n the above 
compositions anc processes without departing from the 
scope ot trie irwc-nt.O'i it is iriteroed that dir matter con- 
tained in Mil 1 above OeiOiptior oe .nturpietec as illus- ^ 
trat>ve and not in a rrrtng seroo 

Claims 

15 

1. A process tor etcning a semiconductor wafer (50) 
comprising the steps ot 

rota*. 1 1 oj the wafer (50! and 

c untactmg tne lotahng wafer (50) with a flowing - r 
froth the froth compr.sing beboles formed by 
the effervescence of a prossnri/ed etchant con- 
taining a i " ok -m gas when noes not react 
w th the sem; eoncectcr wafer or w:tn the com- 
Djnems of the etchart. o 

2. A c i oc ess acc a r dine to c la icp 1 who' em the etcnant 
uorapnses a s JtfaL o -active ngunt 

3- A pores- aoa o r line; 'o claim 1 or a en 0 wherein -V 
the et M ant comprises neophour one ,r rj is a: a 
pressure <M e le va -11 00 kka (OS peg before it 

i * * r f V - - . a s 

4. A pooess er f.ir;; tc ary one ct claim : > 1 to 0. 
whee n Oo Wales jij no -01,0- J at a. mte not in 
oxtajL. > of alojt 5 (evolution-, no m, rute 

5. A prone;,,: aeoofdrg to ary one c;t claim:; 1 lo 4 
whermn the troth n 1 em - I Tom a pressuri/ed eten m 
ant which expermn ■ms a measure reap nf e least 
ahout ZT 6 -4 kOa :0C ps , :ae press .hi/oc etchant 
comorisir.cn to ae d a , Ji ' ..one aed phosphoric 

ar ij aed pae to tne pmsseo c op. w omp'Gssea 
fcuoblos o r a said cfs solved cj.-iS m 

6. A L'oncLC eoordr q 0. ,u r one cf :;l nam 1 k; 5 
whennn the rem e)nmes ;■ w iter 50 is smeltae > 
o J* y -?! "TH ■"*<:: voir m et r^r- oMior "o me one a 1 * or 
wafe ; 5C • tne semiccr duecr WaO f - beinc f ixt 0 ' o d - ■■■ 
ir an etch mek 1 40 1 n eing c mallei. hori/cnta : reli- 
cs doe to c^di which cii.se the wateas (CO'i tc ro- 
tate it: cm ,-ia axis ornn; a 1- parallel tc 'ho i> 1 0 ot the 

re! eis 5 J.-: tc 50c . tf e ot:h i ei\ 1 - * J j dotinir u a 
Mu.d ...f, irnbe h. mine ooen mooeto « 1 A tlu- f ■ oth 
flo.urn m o'ie :: nd o it a' the >!hi" c: f ■ - * 1 cpaositi^ 
ends Mv^a !r .-^ 0 th. ^'ow ^ ni .M - Th I- r ir r q -o 
r -ilk' 'rir:-a" i e to th-- co ■ .M 1 M iii;a^ if ( f-n- 



(50; 

7. Apparatus for treating semiconductor wafers com- 
prising 

a rack i4aq hor nclOirq at least two qenerHlly 
gisc- shaped serr: conductor voters (5Ca. sa.d 
mtx ;40: defining a fluid chamber having an in- 
let end ard an outlet end and 
n encuiatory system for moving a semiconduc- 
tor wafer u recessing fluid in thy form of a flow- 
ing frolf eompns rg bubb'os formed by the ef- 
fervescence t)f a pressurized emhant contain- 
ing a dissolved gas which does net react witn 
the semiconoector wafer o r with the compc- 
fients ot tne etchant through the fluid chamber 
from the inlet end to me outlet end and between 
saia semiconductor wafe r s (50) 

8. App arat js according to cla in 7 tether comprise g 
a cJnvo mecoinisrr c;>rrpr sing fce r roi'er;;. (5?a 'o 
SPm adap'ed to nrqage the peripherics of pxiid wa- 
fers for rotating aa d wafers (SO 1 whe r ein sain r-aloo 
(52a to 52d) rotate about fojr paralic hor /onta! ax- 
es wherein two of the four rollers constituting up- 
per rollers (50 1. 50b engage tne peripheries ct the 
wafers generally above a Ira / jot 0 plane 100a 
passing through taecemu's of tt.e wamrs (500 and 
waeicn tnuc-Uiui two rollers, eon-rjtuttng lower roM- 
ers (00:a 50c ! engage (h.; f;enpf)er,e;, of the wafer-; 
(5C 1 gene^allv below said hor /ontai ol am , <; c wn 
ferc SO' eeirig qenera y mrrr,-.! to thp roller ax^s 

9. Apo iratjs arccrdrvg m riairr b. whcoin em . ,n : • 
a oemg oetraaj f -.s ttm i:ute angle ot ai : M the- wa 
for between Said l c 1/ orVnl plare ; t 0Oi and a plane 
1. 1 22 i mcl udinp uitfv-' of tne axes of the upper roles 
(52a. 50m : i'a: the wife centos, i , 00 thon a a 
angle y. t)emg dohneo ,1:. the ,m jle anglf: (0 are (S 
ttie wafe' belv.e-en the he u/ontal plare 1 100) ^pd a 
plane ( ; 04 red ng either of tne ,a\ ri s of the lewe: 
roller^ ;52c 0a and th a wafer centers 

10. Apparatus according to claim whoein the orue 
rollers (52a t .) : 2 J are spared sj" c ently to -c- 
cornn od ite Wafers fiavirg .mentation f it: a,ai 
[fiat tl o deoo-e of a a; i2 o" tao wafe a, occupicu oy 
the ' ats is hoc "inn on r ( i ar cr the two a.' q, • ; 
detir-1 by two p. -a v ,|- rr ror^'a n> l 1 ^ 
w iter centers and any ere roller axi> a no tr-e other 
of wmrn "i^ntairs the \\ -Oor cor'.c-'S -trie .-: ro c i^:!s 
-id|acer* to Sal C one rol er axis 

11. apparatus ac ordiag t_> any oae or :i unis - to 1 0 
hartaor con ^orang it leasl two a- • •• ,lly dn.r 
--"'aped ooaoy WO ar 54 .Oi a- ; --.- :r - ; ;[ , !k a r 
a rtrf rTia'-^n il in rr ] laoe^T v.ith ,a:! ra" a^c: ;a 

; iii''- T'O. Ov'.'.O' Mo irv n o ' a woO - ; 
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(501 being disposed between ar -d genei a!ly p-trallcl 
to said dummy wafers 154.56). and 'ho dumny wa- 
fers [54.55) being r otated by tho rollers (52a to 52d) 
a* substantially the same rotation speed an tho som- 
icerduetor wafers 1 50) - 

12. Appri-'ntus ,-iceorcirg tc any ere of c n --is E to r 
whemin said drive ire^nanism comprises a plurality 
ot ro-ers <52a to b2d) adapted to engage tho pc- 
rp- ieues of sa^d waters (50) fci lotatmg sa J wafers ' 
1 50] a r id whore ir i each to- m (52a to 52u) includes 
..it e is I two circumferential grooves (51 ) for r ecoiv- 
mg tho peripheries of tho wafers (50) and a plurality 
of longitudinal grooves 1 53) sad ciroumf omntial 
arooves maintam : ng axia! alignment cl the wafers ' 
(55) positioned within and extending along the ;on- 
uitudinal grooves (53) and said elastornenc bancs 
:55) Doing engageable with the penohenes of the 
w ak- s (50) 



Pnten tan sprue he 

1. Verfahuer /un At/on ernes Halbletterwafers i50) 
r t den Stufen der 

2 otisr g des Wafers (5Ci unc 
3 o- r Li f i r jag C'j- lut.u' efioef i WV-jrs (50) in : ui- 
nein fheOendet ■ Sehauri dor duish das Seh.au- 
mer einr ;-■ ur'or Druck gene './'■. m At a ' . " " • • I . go 
niki^e R asnn infwoisl woke e; o At/miffo em 
r^los Gas enthaft das nr oem Kalh|e-ie:- 
whor odor Rostar dtoilon d^s At/mitfe - nmhl 
••• - u -- t 

2. Yorlmuer nach Ansprusn ~ boi dom das Atz nittol 
e.n oboi kashena «,t ve:, MiUel or [halt 

3. Yndmmm nach An mnmh 1 mku Auspn, n 2 boi 
emm nas A'/mittn] -"rrrmnnrsa Kr- ontha : t and vnr 
:=r- rem Ai jfsrhaumer unter ermm D r ink von wr- 
r 241 32 kha i 25 ho> a; stet'. 

4. Verf-mrer m-jen omen" dor Aoseu u:ho t his bei 
oo-ii die Water 50' rr t em-. J f oh/ah I von nicht 

em - etw i 5 [Jr. o ■ eh un gen rue Minute tgomoht 
'.ve ( Jen 

5. V^rlani nr naeh moon: der Anmnirbm 1 bin 4 hei 
com dei -Vkmjm aos e rem mm- Dmck ceset/ten 
At/rritte get: Ice' wire: das omen h.mek.ihf i ■ von 
v;er ovens mwn o u :*'4 kk -i i d'd ►'sn orient unc 
orilpet-:' same k ma wassomodtsaure Rmmpbm 
b.i/o a ■ "i -d our de:n b''ijckab"il komr, 'inmat^ HI i- 

6. Vmtmirrr nanh nmorr. der An mru.mm 1 h-i- - f- hn 
e^m ma f i. ilhlrif^'w tfe' r -0 '* .'- * U rut .'.■•m "] 



stens oinern andeten Halbloiterwaf or (50) yeatzt 
w;rd. wcb9 ; dio Halbleiterwafor in einerir Ab'gestell 
(4C) rnit pa r allcien. biorizontalen Pol-en (52a bis 
52di festgelogt nine die dm Wafer (50) um etne 
Aehne roneren lanson die parallel ;n; don Achsen 
dor Ho len 52 a nis 52d; liegt woboi cia ^ At/gestell 
1 40) eine Fluid"<a r nmer nit entgeqengese r /t ?n offe- 
non bnder begrc r./f der b-chaum m d^s einodiese^ 
bnden einfliedt und an dem anderen of'enen Ende 
austlieBt und d:o Str omungsnchtung dos Stbdums 
i'n a.iluernoinef , que' zu. dei D r GbdLl-.se de Wafei 
(50 ) ist 

7. Verriehtung zu r- Rehandiung vor Haibieite-waforn 
rr.it 

einem Gostc II (40) zum I ialten vc-n wonigstens 
zwoi im aMgcmeiren s cheioentonnicjen Halb'e - 
te'waferr; {£Ci wobt i dd-j Gestell (40) ere 
k dkarrut -r rnit cinorn Emir ! ltserido und e- 
nern Austnttsende begron/t. und 
emo.Tt b nnlaufsysten ?ur Bewogung cino" 
Halbleiterwafor Re .art" e;t angr flu^os n Fo r m ei 
res flieftendon SchaLms von deri b irtri'tseroe 
/u dem Austrittsende zwischen den \ J a bleiter- 
wafern (50) ojrch d;e r lute m ? r. ei v. go at dor 
Sohaum CLo;h d-is Seha ^ ! nen einoi: unter 
Dio.-s geset/tef. At/tr.ttels gebddete Blaien 
aufAetit und das A'. miUel oin gtdoste:, Gas 
er 'halt das mi* dem Ha : b'e : erw. iff r cx:e- orn 
Rostand; "?ilon At/rr*'^|s rirht i ■ ■ ■>.}<■''' 

8. Vr r r ir hit i ir g n aeh Anspi u : n / lemcr mi- oirv'M^: An- 
trict snochar sr us ni: v e' r -o en 5i.«: b.s 52:: i 
''inn A'igritt ar com Lm'ar.c. ce r Wrhor /urn 2Aec*o- 
mre-f Urekung wooei ce Mellon [bin ::is be .b em 
vi ur piaiallele \ tot i/ontaie AL:nsen rotiou . n und/wei 
■dof vior Rotlon die die oberen ^o i. r i52a 52b i 
ia[:/ol eo. ar horn Urr:'a ! go.-' Wa ; or mi il gor-'C' 
nor ; t "h, : b e n^r liou/n italrr : " : en -■ . 120] duren 
die MittPlpunk'o oer Waf^r (50) ringre' vi hod d.o 
rincemn zwe Rall^ri do die unteron fioler (52: 
:j2g ' drusteren ar dorr I'lrt-iog ^e' W .'er e2 mi 
ai gome nen Lnterh.-. o do? nor /ont-ilon rbe-ne ar 
anofon und die W-de' ;50i irr .-illeei v.unoi seek 
resf ' zu der ^e un teh^er Oehe^ 

9. Ve-nehlurg n ieh A'Vipr-.rri - t)oic:c tiIV'-U^ 
dor dofinmrt is; als dor snitze Winkol oe; W, ifemr 
g-Ts ZA'oehen o-^f nor/ruoukm Eton-"' ' 2C i L.rd 
einoi Ebene (12^) in ce' eine e a A:ns . i n rv: r ?be 
for fudlor m2a 5; b) und die W^t'orn t* apurkt- i--- 
qer. kl-^inor als o:n WirKe y o" dor als on- sr V 1 
Wi -,el des \\.-.' 't: j uis zv^isv tier or - h.i >■ i/ unt-.- 

! -r, t": ■.-no . 1 22 sad eir.ei Ebei ... .12-': J^i ir ss- 1 . ■ 
d-' rr der A-k . -i ce arl. -en -e er, 5 2 R2: 
anr: . i • V;', :'mir f 2;airAte -ntt i, ; t 
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10. VjkicI :jh<j naeh Anspfueh 9. bei doi do Antnous- 
i jl>jfi ;52a Lis 52d) gonugend aul Abstand gehalton 
smd urn Wafer r^iit Onerikerungsflachscitcn aufzu- 
rohmcn so daks dcr durch die Flachsoiten belogtc 
Rogoograri : dor Wafer kloirer als dor kleinere der 5 
zwei Wr.vel i st die durch /woi 2benen beeoenzt 
sird von denon e ro die Wafermittelpur Kte unc ;r- 
aondoine Rollenachre ertnalt and die- ardere die 
WnfurrnttelpunKtG urd one zu dor genanrten Rol- 
lunarre Leaachbarte Rullunri jfiae e-rUialt u 

11. Von ,ch: jny rack crem dor AosorGoho 8b- 10 tea 
r.er nr it Aomgstens /wei ir, .ollgomerm schn.ben 
fn^mnpn PseudoWorn |54 56> ones Nieht-Ha^- 
loitermatenals im Emgnlf rr-:! un d in Drohung durch ' 
die qenannten Rolion (52a bis 52d) wobei die Halb- 
lete.'AVafer (50j /wiscnen und im allgemeiren par- 

o : / j con gonannten PseudGvvaTorn (54,56) an- 
aeorcrot bind una do Psouoc^a'er (54.56) durch 
d o Pclion (52 i br 52d) 'nil im wescokickon dor 2 
jie-chon Drcl qoschwiu digkoit wo du Halbloiha- 
wafn r (50) •:• drch' wo r dor 

12. con rh ring naol-- o.nom dor Anspnache 6 bis 1 1 bei 
co- dor Anli oos-dechaniSTius mer^re Rciler i5^a 
t: s 52di rritafi; de /un Angr 1 arc Umfancj dor 
Water (5Ci /urn Z\voeke ihro - Rota: on oingeaentet 
cn d urd La dor jocl- Rolle 52a ois 52 J) Aumg- 
ekar Urnfar gsnllen (51) / ji Au'nnkfoo der 

I Jr range • WatV" (50) s::we a ic hi ore i . :-, j:;r ill. n 2 
r3 raiar vvoboi eio . Jr, f . tilt] roller rfio axialo 
Aim er ng no-- in cr-r [ ana • on (5:2) pr<,<K c c - 
k.-a uno Mc.h lac :js dioeo f - Rillon - aastroc konden Wi- 
fe icC: o-jf 'o;ntoroalt urd dio ol istonoicr Bandar 
('■5 nut dor ( 'aitaro,- ■■ , cor VV,- 'or 2:la in Er r pott 

C :-..\[ : -fid 



Revendicntions 

1. PffV-' i'' d'atVr: je ^nrraqro o'ceo dace' •• aaT,.- 
ca^iactr cc c-a ' •op,' •- -a: Ps o:-tpos 

: O'l corner. on rotation de U tian: n G (50). at 
1 n e or jr .t.-.^.t dc U tnnchu utativo i 50 » 
ivoc ^n i.;cc':ifi! Jo "iouo^u. I i rr'Oaa^o con 
an cit a-;c be ■: k arc-, : a I'affor. onco 
1' ira^ 'ia,tjnrn ;]...- jquc ana- pro" -on err'- 
nan-t in c ^/ dnaaooc qui no reag: pa? avoc la 
:rarcko somi-conductr co ou avoc los incro- 
:Jionts co I 1 rrcc co c'n'.'. iquo 

2. r'l-to.lo sol.ai ii ajvarxJ ■. a;i an * Jan^ ioquo. In 

0 itca^. a nU ice*' cacti-a : un .-.uant tcr ■..) i..:(i! 

3. :v oi. . -o,. r -, , lt(?n i : : , ;;|J ,^ 

1 : 'n |t;o-r--. a'.iM t ] jo . . 'ifiont j.^ I'.-qp ;-.tc^-.;i-.vi 



quo ut e-t a unc pfessicn d'au moms 241 32 RFa 
(35 psig) avrtnl de p: r 6sGr M .or una effurvesconce 

4. Proccac scion I'unc quoic jnquo aos rovonoications 
1 a 2 dans ioquel los trarrhos (5cm son! ontrainoos 
on rotanor a uno vitos^o qui no depasso pas onva 
rcn 5 tnm a 

5. precede sclcn rune cueo Dnque oes rovonGic^t ons 

a 4. dar;s I y quo I la r ousse est lor me e par uno 
matioiG d'altiquG t>ouy prossion qui pre-sera una 
podo do chafgc dau rnoins 20-3.84 ^-'a i 30 pok la 
malierR d' ltlaqjo sous prossion ccntonant lacc 
donitnq .,0 de I'acino f i.orhydriquo do I'ac ide phos- 
phenque ot avant la reduction ce p r ession cos buk 
los connpomees du qa/ d s ic.ib 

6. ProcccM- scion I'unc quo cor: que do 5 rovonaicat : ons 
1 a 5 dani. loouoi la traricho son i-oundue ti icv (50 i 
est atlaqut3o cin j ' incirajnt avoc a j moms uno 
autre tranche sona c.oncJLictrf^C! c).').. los trat chos 
so mi con di jc:1rc o _ , otaC r.ontoo^ dara^ ur- rntcior 
(4Ci d'attaquo cc/nnt oc; rr, . •• .ij> honzorta i< p.; 
ra Holes (52a a 52di q_i. prc voqaent uno ^otaticr 1 dos 
tranches aotour d'un axe paioke'e a Taxo dos 
rculoaux iL>2a a ^2d; lo ratelior ,40;. d'attac j? do- 
I naUnt ui o ct anibro do tluide nyfir* cos oxtrcr r 'tos 
ouvLna.is oppottj-at . ; a ni ausso L ire ulac! par uno o- <- 
'aaaa ot LL-rta.n-; par ! n'a do^ cxt'omitcc auvGr- 

• np. • . > : ; : j. octic;n c> circ j . ;tron do la mco 
so oTant ti o.CA'or o: r- do k ; con no r >r>ra ! o a l'a>ooe 
rnt^aon or s vanr ho ^ ( 5f" i 

7. Apparo I c~ aaitoi-o n t C y. -Mrct -rjs borni-ocn >ictr 

a- :a' . :ai 

cc cn'-hor (4Ci dt-rao ; :. ^L^ortvc a., n oir.s 
c:o j>. t' ancko corn- cone j :v cos ( 50 1 -or »rrr o 
co d |oe Ic ratfHifa -40; t:al r nCant ar caarr 
kao lie; '.u.do ayant uno extreaato d'ontr- o o: 
i . c o ox' re 'Til to co art I r- ot 
or o ru t do circc . .n co .; -r f: dop.ac. r on 
tlu hco j c . j rrl tcnont co dafxka semi-caci ictr - 
cc- sous touTio c'uo c a ad oo mousse- qui ccn- 
kor" r dos be cs *crrro as o-a 'edofvoscor co 
c'uno rc O.iafo d' lttaqae -ujs ^aocsion c -nt(. : - 
i'a it cr qa/ d :a,o.i:., qui no r igit p c_- avoc a 
tr i'u,na son concern :n q\. ,c-a' os oqro 
cicr ■; no la rr c -^ro r:'cr tqno c if - jladt CaDs a 
^ha'^oro co *' j do ip \ ovtrora d'ontroe a 'ox- 
troni'o dc socio o; on t f c les tranches sorr - 
cor due trices 50' 

8. Apo ire I solan :i i^.a;K:c.i2c ; rcrr p rorac it on 
juti-.-' ur rr:acaf .ana ckoi : r air anient qui : ■ ,".;>. :U. • 
quak ^ -dulc,; j> j 52a i 52rJ dc Cr , : cco^cra 
ivc- iae perch, a ■ , d r t; a , 2in aco o. - , r 
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rant autour do qua'ro hon/ontaux I'rjllelos 
deux des a oat re rouleaux constituent des rouleaux 
SLpenecrs >;52a 52o) etant au contact des penphc 
nor, dos tranches co fapon gone rale au -cJcggus d'un 
pern horizontal (IPO) passant par tes centres dc^ = 
tranche- (50 1 nt its deex autres rr> rioaax eonsti- 
tc-tntde-s fc^eaux infeneurs ;52c. 52d cooperant 
aver 'oi- per p aeries co= :rarcre-i' {Ha nu- jessou-> 
gj plan nonzerOal de fa,:on ceno^.e los tranche 
1 50) etant per pendieulairoi do ta;on cenera>e aux 
axoo Jos luuloaux 



s etunuant le ion j do collub-ci (53) ieb bandos elac 
tomu'es (55) etant declinees a eUe au contact da 
peripherics dos tranches (50) 



Appa-nii scion la reverviication 5v dans leque! un 
angle <S aolimito sous forme d'un angle airju corres- 
pondan' a I'arc de la tranche erlre !e plan horizontal is 
(120) et un plan (122) qui ccntient I'un des axes des 
rouleaux supereurs {t>2n 52b) ci les centres dec 
1 -anchor est inlonojra un angle- y qui est un angle; 
,-ngj co*r ubpuad.in,: a fan; de In tranche corrpns un- 
tee le plan hon/ontn (120; el un plan (124) qu con 
I crt i'un (joe- axe > ci a re jloacx infer, ours (52.: 5?d i 
C -ec centres dec "anehr-- 

Appareii selon la reverdication ^ cans leujol le- 
rculeaux ma rants 52a a o2d: sent Suffisammoni p- 
esp-icos pour loger cos tranche?, ayart co: plat? 
c'caentr:t.on tels q..o e degre d ,n c (CO aes tranches 
ue_. ^oeeb pa e- p r:S ea.t r *or leu au lIus nc-tit deb 
oujx ciqle; delen;tes par deux plans I ^n cormo- 
rant les cenPec; die r ir.c! • . a! un axe dc: r • jl a j CP 

• ■ • itr. :nP - ant iec •aire )• • tranches e: ur i 
ax- n'u r r j il^ hj :d]ac.".o: ,e - i ■ :,^ai. du pferr.mr 



App.ceil '-n.vi ■ i , .^.lo'ec fag jo zU: 'S rea en :5 : itions 
c a 10. CL-mpror v t on cene ,-tu none oe j> tian- 
cf -ji, : iptic.es (54. r6, en feirio generic de Jisguc 
fo'rneec den -aitcraa aon sem coneee'eer qui 
: : or ' a > cor Ci.C a.:., to j: oux ;52 : a o.2cj' c( ;,onl 
rn:raY"o p ir i ")!jle.ai,x on r^t,; r "■'") .\; tra-i 
ch'^ cer-n-iooa :a -a ices i 5* 0 ) ^tant rlarr ■-- -vrn |nc 
t' ifvdv^ f,::ti- ;-s ;s4 5o. ei p,-c a'l-Merr eat -i : ollos- 
ci oe * icon qo'ioi,: o Iog tranches tr:c:oes 54. o5) 
e'.mt entra'noes ea ro'-t'ion Oir !es rc^eau:* io2a 
■ •. 52d prat (ccno r * -i la 'lO'iio vi'eiii do -^'ation 
o jo lec \i iaehub c* ■■ ai-cc J jc-r iceb (51 ) 



A[)p-:'oil on cac qij-ok .erg jo dor, revcreie ihpnc 
r a 11 n.irc It'ea.e le rvacanrar- c'^r't'ain* n^nt 
ronpfc-rd plusieu--:. ret. -mux (52a a 52d. d^stinec 
a. cc^f;e r or ,iCr:c le.? p-aipheaos aes trancnec io,M 
••' r que ^ tr, copies oOi 'percent •■; i oguei 
ch.iguo iC'J'.m.j (52 i i 5 2d conpcito au a'icins 
o^jx cL.ojec cce.jafer •.■otiollos (5* i dostioee:: a lo- 
c>-' >.j" pci p'h.at-; dec tiaiohoc (52) ot p.. our- 
co-gr' oagituoic-; >■ . d5 , i Is^c c ''pec nr. -o-'it^r. >n 
t I*' ' rn,i r" ,f c icl I' ill jroai" ■■at cv 2 r:e !; ic.Oi.^- 
: i i^- 1 '- - l ei ■ , .),-a>^"; ."'CciPJOin- ; > ■ ■■ r-t 
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